Abstract: Significant alterations are seen in hemostatic system during normal pregnancy and puerperium. Overall, it is a state of hypercoagulability and hypofibrinolysis mitigating the risk of severe bleeding during placental separation at delivery. On the flip side, it threatens a pregnant woman for thrombosis with the risk being four to six folds more in comparison to a non-pregnant woman. It is important to understand the hemostatic changes in normal pregnancy by all health care providers who manage pregnant women in obstetric wards, trauma, anesthesia and other circumstances. This review describes the changes in qualitative and quantitative changes in platelet, clotting factors, anticoagulants and fibrinolysis during normal pregnancy and puerperium.
INTRODUCTION
Normal pregnancy poses significant challenges to hemostasis. Overall, it is a state of hypercoagulability with hypofibrinolysis mitigating the risk of bleeding at the time of delivery [1] . These physiological variations place a woman at risk of thrombosis during pregnancy and puerperium [2] . This risk is four to six fold high in comparison to a nonpregnant woman [3] . There is a paucity of literature describing obstetric thrombosis at national level [4, 5] . In this review, hemostatic changes in normal pregnancy and puerperium will be described followed by their practical implications.
QUANTITATIVE CHANGES IN PLATELETS
Reference interval of platelet count is 150-400 x 10 9 /L. Low platelet count (< 150 x 10 9 /L) or thrombocytopenia during normal pregnancy was noticed during early years utilizing manual techniques. Sejeny in 1975 [6] was the first to report gestational thrombocytopenia in 405 healthy pregnant women using electronic particle counter [6] . Since then, a number of global reports described a sequential reduction of platelet count as pregnancy advances [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] with a 10-20% fall in platelet count [19] . Frequency of gestational thrombocytopenia was estimated to be 7-12% at term [12, 14, 15] . A platelet count of 80 x 10 9 /L is considered to be a safe threshold [20] with no impact on either mother [21] or the fetus [15] , unless the thrombocytopenic mother has some comorbids [14] . Mothers having platelet count of 150 x 10 9 /L at 28 th week of gestation have a pre-birth platelet count >100
*Address correspondence to this author at the Department of Pathology and Laboratory Medicine, The Aga Khan University Hospital, Karachi, Pakistan; Tel: 02133101302/4511; Email: bushra.moiz@aku.edu x 10 9 /L and can safely receive epidural [22] . Only 2.1% of neonates born to thrombocytopenic mothers had thrombocytopenia. This is not significantly different from 2.0% neonates with thrombocytopenia born to non-thrombocytopenic mothers [15] . Why maternal thrombocytopenia is observed? It is reasonable to believe hemodilution [6, 23] as one of the contributory factors. As pregnancy advances both plasma volume and red blood cells increase but not to the same proportion with consequential dilution thrombocytopenia [24] . Another possible mechanism is an increased consumption of platelets inside utero-placental circulation [7, 8] accelerating thrombopoiesis in bone marrow. As a result, an increase in mean platelet volume (MPV), platelet distribution width and large-size platelets in peripheral film were observed in many [7, 9, 17, 25] but not all reports [18, 26] . Large-sized platelets may be pathogenic [27] but since platelet turnover is usually normal [20] and platelet count is low therefore, overall effect is a balanced platelet mass [7] . Usually, the platelet count normalizes within 4-6 weeks after delivery [20] .
QUALITATIVE CHANGES IN PLATELETS AND ACTIVATION MARKERS
Platelets are an important constituent of primary hemostasis. This requires platelets to adhere, secrete and aggregate at the site of injury. Platelet function was measured historically through bleeding time. Recently, a number of sub global (e.g. platelet aggregometry, platelet activation markers and flowcytometry) and global assays (e.g. PFA-100, and flow chambers) had been utilized evaluating platelet function in pregnancy.
The bleeding time is unchanged during normal pregnancy [20] . As traditional bleeding time determination methods lack the sensitivity and specificity required for detecting doi.org/10.21089/njhs.23.0123 platelet dysfunction, its utility is seriously challenged [28] . -thromboglobulin (BTG) is an index of invivo platelet activation. There is controversy regarding BTG where both increased [29] and normal [30, 31] levels were reported. Adenosine deaminase (ADA) is the enzyme that breaks down adenosine -an inhibitor of platelet aggregation. Increased ADA activity has been reported in third trimester compared to non-pregnant controls [32] . This was hypothesized to maintain local hemostasis prior to and during delivery [32] . Mircoparticles (MP) are tissue factors containing vesicles, derived from a number of cells including platelets. Their numbers initially decrease and subsequently normalize during pregnancy [33] . However, labor and delivery appear to be associated with an increase in the number of platelet-derived MPs indicating increased pro-coagulant activity [34] .
Point-of-care device, PFA-100, is the platelet function analyzer that estimates the speed with which platelets form a plug in vitro by measuring closure time. The collagen membrane used in PFA-100 is impregnated with platelet activators (ADP and epinephrine). Mean closure time using epinephrine was reported as 105±18 seconds [35] and 114.6±27.3 seconds [36] in 93 and 110 healthy pregnant women respectively. Both studies did not include a control group of non-pregnant women. Their reported closure time was not significantly different from closure time of 108±22 seconds reported in healthy women [37] .
Platelet aggregometry evaluates function as platelet clumps in response to agonists (ADP, epinephrine, collagen, arachidonic acid and thrombin) with subsequent increased light transmission in plasma or whole blood. Platelet hyperaggregation during third trimester was reported in a number of studies suggesting hyper functioning platelets near labor [38] [39] [40] . Recently reduced platelet aggregation was observed using a modified technology in light transmission aggregometry [41] . In contrast to hyper-functioning platelets as observed on aggregometry, flowcytometry failed to show any increase in activated platelets during normal pregnancy [40, 42] , rather a decrease platelet adhesion and thrombus growth on collagen or fibrinogen was observed using flow condition [40] . The controversy regarding platelet functioning in pregnancy (either normal, reduced or increased) can be resolved by doing various types of platelet studies simultaneously in a large cohort of pregnant women.
VARIANCE IN COAGULATION FACTORS
Platelet aggregates are stabilized by fibrin resulting from activation of clotting factors at the site of injury. Both extrinsic and intrinsic factors are involved. Normal pregnancy is accompanied by a progressive rise in clotting factors II, V, VII, VIII, IX, X, XII, fibrinogen [3, 19, 20, 43, 44] , von Willebrand factor (vWF) [21] and tissue factor [45] . However stable and non-rising trends in II, X, XI were also reported [46] . The rise in clotting factors is considered to be a consequence of hormonal changes particularly estrogen [23] . There are conflicting reports regarding factor XIII during pregnancy with reports of both increase and decrease levels. A prospective study on a cohort of 44 women with normal pregnancy showed a 17% fall in factor XIII activity compared to 8-week postpartum [19] . This was considered as an effect of consumption similar to the pathogenesis of maternal thrombocytopenia. Overall, there is no effect on prothrombin time (PT) and activated partial thromboplastin time (APTT) [46] .
CHANGES IN ANTICOAGULANTS
A number of circulating anticoagulants counterbalance clotting factors restricting their activation to the site of injury. Total protein S (PS), protein C (PC) and anti-thrombin III (ATIII) are stable through pregnancy [46] [47] [48] and during postpartum [46] . However, there is a progressive fall in free PS, PS activity [46] [47] [48] [49] with acquired PC resistant [3, 48] and a rise in thrombomodulin (TM), tissue factor pathway inhibitor and heparin cofactor II [50] . A progressive increase in protein C activity was reported in first and second trimester which supposedly counterbalance the fall in protein S activity and rise of thrombin for maintaining good fetal circulation [49] . A study evaluating PC, PS and ATIII in 50 pregnant women at 37 th week of gestation and 42 days postpartum indicated a sharp rise in their levels from 3 rd -7 th postpartum day onwards [51] .
HYPOFIBRINOLYSIS
Normally, fibrin generated as a consequence of active coagulation is restricted to its site of formation by plasminogen. This fibrinolysis is in fine balance because of plasminogen activator and its counteracting plasminogen activator inhibitor. Fibrinolysis generates fibrin degradation products and a specific marker D-dimer resulting from breakdown of crosslinked fibrin by plasmin. Fibrinolysis prevents clot formation in an intact cardiovascular system maintaining vascular sufficiency.
It was observed earlier that systematic fibrinolysis is decreased in normal pregnancy using euglobulin lysis time. It was also realized that plasminogen and anti-plasmin concentrations rose during pregnancy [52] . This is considered related to their decreased utilization and increased production [20] . The overall effect is marked decrease in fibrinolytic activity from 11-15 weeks onwards [44] . Hypofibrinloysis is mainly because of significantly increased levels of plasminogen activator inhibitor-1 (PAI-1) from endothelial cells and plasminogen activator inhibitor-2 (PAI-2) from the placenta while thrombin-activated fibrinolysis inhibitor is unaffected [20] .
Despite hypofibrinolysis, fibrin degradation products (FDPs) rose from 21-25 weeks onwards [44] . D-dimer also increases as pregnancy progresses [3] rising two-to four-fold by delivery [53] . The underlying reason for raised FDPs and Ddimers is excess thrombin formation because of increased clotting factors. Increased in-vivo thrombin generation [54] is reflected through raised prothrombin fragment 1+2, thrombin-anti-thrombin complex, fibrinopeptide A, soluble fibrin and plasmin-antiplasmin complex [20] . The findings are consistent with a mild degree of local intravascular coagulation from early on in pregnancy in some women [44] without signs of organ dysfunction during normal pregnancy [20] .
The impaired fibrinolysis resumes normality soon after delivery of the baby [3, 52] . Blood coagulation and fibrinolysis variables have been studied in the normal puerperium. Factor VIII activity and related antigen, fibrinogen, fibrinopeptide A, antithrombin III, plasminogen, tissue plasminogen activator (t-PA), fast inhibitor of t-PA, alpha 2-antiplasmin, urokinase inhibitors, fragment B beta 15-42 and kallikrein inhibition were analyzed. Both blood coagulation and fibrinolysis were significantly increased during the first 2 weeks normalizing in 3 rd week post-partum [55] .
GLOBAL CHANGES IN HEMOSTATIC ABNORM-ALITIES
Thromboelastography (TEG) is a global hemostatic test that measures the elastic properties of blood including strength, rate and stability of clot formation [56] . Clotting factors are measured by 'R' which is the time lapse between blood sample placement in TEG analyzer and initial fibrin formation. Fibrinogen is measured by clot kinetics (K and α) describing a pre-determined strength of clot formation. Clot strength (MA) is clot firmness and depends on platelet count and function. Clot stability (LY 30) measures the time taken for clot breakdown 30 minutes after maximum strength has been achieved and reflects fibrinolysis. In normal pregnancy 'R' and 'LY' 30 are shortened while 'MA' and 'α' were higher [57, 58] indicating an increase in clotting factors, fibrinogen and hypercoagulability. These changes are reverted in 8-weeks postpartum [58] .
PRACTICAL IMPLICATIONS OF PHYSIOLOGICAL CHANGES IN HEMOSTASIS
Usually, hemostatic reference intervals are based on samples from non-pregnant women. Since there are hemostatic alterations in normal pregnancy and puerperium, the health care providers should be mindful of these changes. Reference intervals of various parameters in normal pregnancy and puerperium have been defined in several reports [12, 14, 16, 22, 23, [46] [47] [48] [49] . It is important that laboratories analyzing coagulation profile in pregnant women should use these reference intervals. Moreover, reference intervals for global hemostatic testing such as platelet function [35, 36] and thromboelastography [57, 59] in normal pregnancy have also been defined.
CONCLUSION AND WAY FORWARD
Normal pregnancy and puerperium significantly alter hemostatic system. The platelet count fall up to 80-100 x 10 9 /L near term while platelet functioning is controversial as different results are observed in aggregometry and flowcytometry. Clotting factors II, V, X, XI, XII, antithrombin, protein C, PT and APTT largely remained unchanged during normal pregnancy, labor and puerperium. However, levels of factor VII, VIII, IX, fibrinogen and D-dimer increase markedly. Protein S activity decreases markedly while total protein S is stable. Overall, pregnancy and puerperium is a state of hypofibrinolysis and hypercoagulability.
Where do we stand? At national level, there are few studies describing thrombosis during pregnancy and postpartum. We need large scale studies focusing on obstetric thrombosis to determine the true magnitude of this burden in our population.
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